Several studies determined the theoretical and effective capacity of sugarcane harvesters. However, in field conditions, some variables affect sugarcane production and their effect on machine productivity is difficult to measure. The objective of this study is to analyze the correlation of the operational capacity of sugarcane harvesters with property size, sugarcane yield, total operation time of harvesters, and lost productive time. This correlation will be used to construct models that estimate machine capacity under different working conditions. Harvest data were collected from 41 farms with different sizes and rates of productivity, with the harvesting of 412,207 tons of sugarcane by eight harvesters. Property size was the variable that, in isolation, better represented the operational capacity of harvesters in both mg day -1 and mg h -1 , with a positive and strong correlation between these two variables.
INTRODUCTION
The state of São Paulo is the largest producer of sugarcane in Brazil, with the harvesting of 4.77 million hectares, corresponding to 369.3 million tons of sugarcane in the 2016/2017 harvest (CONAB, 2017) . In the 2013/14 harvest, 84.8% of the sugarcane harvested was mechanized, and this percentage varied according to geographical region, reaching 99.3% in the region of Andradina (IEA, 2015) .
The performance of mechanical harvesting of sugarcane may change according to specific crop conditions, and harvesting capacity or field capacity is the most relevant factor (Ramos et al., 2016) . In addition to the characteristics of the crop and cultivation area, Banchi et al. (2012) observed that the operational capacity of sugarcane harvesters is decreased as the number of hours worked is increased. The reduction in harvesting capacity as a function of the number of machine hours may be due to the lower operational time of harvesters because total operation time is represented by a decreasing function that varies according to the usage time of the machine (Banchi et al., 2009) .
Plantation planning may also interfere with the machine's working capacity because, according to Ramos et al. (2016) , the size of the plots affects efficiency, and the longer is the plot length, the higher is the harvesting capacity. In this respect, crop installation should involve making a planting layout to achieve the longest possible row length and save the carriers for product transportation. In this respect, Neungmatcha & Sethanan (2015) developed software that determines the direction of sugarcane rows to reduce lost operation time and increase the efficiency of sugarcane harvesters. Santos et al. (2014) observed that in the mechanized harvesting of sugarcane, the harvester accounts for the highest percentage of the production cost. In this context, studies on agricultural machinery and sugarcane mechanization are vital to improving crop yields, agricultural operations, and reduce costs (Peloia et al., 2010) .
Therefore, the objective of this study is to analyze the correlation between the operational capacity of sugarcane harvesters and different factors for developing models that allow estimating the operational capacity of harvesters in different working conditions.
MATERIAL AND METHODS
The data were collected at the Paulicéia Unit of the Caeté Plant, owned by the Carlos Lyra group and located in Paulicéia, São Paulo state, Brazil, from April to August 2015, where 41 farms with different sizes and rates of sugarcane yield were used, with the harvesting of 412,207 tons of sugarcane by eight harvesters. The spacing of the rows was 0.9 × 1.5 m and was designated double alternate, in which the machine harvests two sugarcane rows at the same time.
The data were organized in Excel spreadsheet, and variables were analyzed (Table 1) . Bramucci & Seixas (2002) reported that the use of this type of information might ignore factors that might affect machine operation and is not included in the databases. These factors, including work shift and mechanical problems, reduce machine capacity but do not hinder machine function.
Engenharia Agrícola, Jaboticabal, v.38, n.4, p.563-567, jul./ago. 2018 A quantitative study was conducted to identify and measure the correlations, presented in the form of a correlation matrix, in which the independent variables with the highest correlation coefficient were chosen to construct regression models that predict the operational capacity of sugarcane harvesters as a function of the selected factors. This analysis was conducted using Pearson's productmoment correlation coefficient (Pearson's r) (Zimmermann, 2014) .
The variables with higher correlation coefficients were correlated with the operational capacity per day and hour. Assumptions and analyses of variance were carried out using software R, and the most significant linear regression models were used. The graphs were constructed using Microsoft Excel 2010.
RESULTS AND DISCUSSION

Correlation analysis and selection of variables
The descriptive statistics of the data is shown in Mg ha -1 , respectively (CONAB, 2017). The percentage of lost operation time was low, ranging from 46% to 84%, with a coefficient of variation of 11.11%. This inefficiency is due to different factors that limit harvesting, including the weather, sugarcane row length (Zamunér Filho, 2015) , and the lack of tacking trailers and/or trucks (Farías et al., 2016) .
The percentage of production time ranged from 16% to 39%, with a coefficient of variation of 19.53%. The operational capacity ranged from 4.26 to 94.78 Mg h -1 , and the minimum value was lower than that found by Farías et al. (2016) , wherein this parameter ranged from 41.00 to 61.00 Mg h -1 under field conditions ( Table 2 ). The correlation matrix results suggest that the operational capacity in Mg day -1 is strongly and positively associated with the operational capacity in Mg h -1 (r = 0.88) and property size (r = 0.72) (Table 3) . However, the coefficients for crop yield and total operation time of harvesters were positive and unrepresentative, corresponding to 0.23 and 0.18, respectively. The correlation matrix shows that a machine with maximum operation time in an area with a high yield has maximum operational capacity (in Mg day -1 ) if this area is large enough for adequate operation, with sugarcane row lengths that ensure optimal harvester operation and few interruptions in service for maneuvers or change of harvest area, and similar results were reported by Ramos et al. (2016) .
In this study, the lost production time presented a weak negative correlation and was ignored because of the low representativeness of the coefficients (Table 3) . However, Farías et al. (2016) indicated that lost production time significantly affected machine capacity. This weak correlation does not suggest that lost production time is not important, but that other factors more strongly affected harvester performance under the conditions of the study.
Property size was strongly and positively correlated with operational capacity (in Mg h -1 ) (r = 0.71), whereas both crop yield and total operation time were weakly and positively associated with operational capacity (r = 0.29 and 0.09, respectively). Lost operation time and total operation time were weakly and negatively correlated with operational capacity with r = -0.15 and -0.47, respectively. 6 Lost operation time (%), including maintenance, maneuver, lack of tackling trailer or truck; 7 Effective operation time (%).
Regression analysis
Operational capacity (Mg h -1
)
The harvester's working capacity per hour was increased as the operating capacity per day was increased (Figure 1 ). The correlation coefficient (R 2 = 0.78) indicates that 78% of the data on the harvester's production per day is represented by the working capacity per hour. ) of sugarcane harvesters according to the speed of advancement of the harvester and number of sugarcane rows harvested at the same time and found values ranging from 25.00 to 200.00 Mg h -1 . The high variability in the harvester's working capacity indicates that other factors should be evaluated in the mechanized harvesting process. Testa (2014) reported that the increase in the number of sugarcane rows harvested simultaneously and the increased machine speed were directly associated with the increase in the effective field capacity of the harvester.
Property size
Property size directly affected the operational capacity of sugarcane harvesters, both in Mg day -1 and Mg h -1 , and the obtained logarithmic function (R 2 = 0.81 and 0.66) indicated a strong positive correlation between these two variables (Figures 2 and 3) . The correlation coefficient values evidenced that these two variables had good representativeness for use in the model. In addition, the adjustment of the logarithmic function (Figure 2 ) indicated that an increase from 100 to 200 ha resulted in an increase of 91% in the operational capacity in Mg day -1 , whereas an increase from 400 to 500 ha resulted in an increase of 5% in the operational capacity. Harvester performance is strongly associated with property size because of two factors: i) loss of time changing the harvesting strategy from one farm to another, which may be aggravated by the distance between properties; ii) length of crop rows considering that larger properties provide better conditions for planting longer sugarcane rows. Engenharia Agrícola, Jaboticabal, v.38, n.4, p.563-567, jul./ago. 2018 Harvester capacity was lower in smaller areas (Figures 2 and 3) . Under the same topographic conditions, larger crops tend to have longer sugarcane rows, reducing the number of maneuvers at the end of the rows and reducing harvesting time. Ramos et al. (2016) observed that small areas decreased harvester efficiency and significantly increased fuel consumption.
Considering the effect of property size on the operational capacity of sugarcane harvesters, selecting larger areas for sugarcane cultivation is essential for optimizing the mechanized resources because these areas affect the estimation of the number of harvesters and the cost of production. Santos et al. (2014) found that the cost of mechanized harvesting was decreased as the cultivation area was increased.
Property size determines the crop area and consequently the length of sugarcane rows. The orientation of sugarcane rows defines crop yield and the operational cost of harvesters. Therefore, property size should be carefully evaluated by farm managers when making decisions that affect the final cost of production but may jeopardize the production system if other factors, including topography and the risk of erosion, are not considered.
CONCLUSIONS
Property size in isolation was strongly and positively correlated with the operational capacity of sugarcane harvesters in both Mg day -1 and Mg h -1 . Harvester performance is strongly associated with property size because of two factors: i) loss of time changing the harvest strategy from one farm to another, which can be aggravated by the distance between properties; (ii) length of crop rows.
Although the performance of machine operators strongly affects harvester performance, the conditions under which these machines are used determine the effective operating capacity and, consequently, the operating cost.
